Infrastructure is an important driving force for economic growth. It reduces trade and transaction costs and stimulates the productivity of the economy. Africa has been lagging behind in the global manufacturing market. Among others, infrastructure is an important constraint in many African countries. Using firm-level data for East Africa, the paper reexamines the relationship between firm performance and infrastructure. It is shown that labor costs are by far the most important to stimulate firm production. Among the infrastructure sectors, electricity costs have the highest output elasticity, followed by transport costs. In addition, the paper shows that the quality of infrastructure is important to increase firm production. In particular, quality transport infrastructure seems to be essential. The paper also finds that agglomeration economies can reduce firm costs. The agglomeration elasticity is estimated at 0.03-0.04.
I. INTRODUCTION
Infrastructure is an important driving force for economic growth. It reduces trade and transaction costs and stimulates productivity of the economy. The existing growth literature is generally supportive of this. Canning and Pedroni (1999) find the positive long-run growth effects of various infrastructure endowments, such as telephone access, electricity generation capacity and paved roads. In rapidly growing economies, such as China, infrastructure is considered to play an important role for growth. Démurger (2001) shows that road density and teledensity are among the key growth determinants in Chinese provinces. According to Calderón and Servén (2004) , infrastructure is important, not only in terms of providing access, but the quality of infrastructure is a contributory factor in achieving higher economic growth.
Despite rapid growth in recent years, boosted by high international commodity prices, Africa has been lagging behind in the global manufacturing market. Africa's economy is still dominated by traditional agriculture and mining. While other developing countries, particularly in East Asia and South Asia, have enjoyed steady industrialization, the level of industrialization in Africa is less than half of that in Asia and has not been increased much in the last four decades (Dinh et al. 2012) . A recent study indicates that without controls, Africa's manufacturing sector performs significantly worse than firms in other regions. But after controlling for geography and the business environment, Africa performs as well as other similar developing countries (Harrison et al. 2011) . A variety of constraints may exist to improve firm productivity in Africa.
According to the literature, good quality transport infrastructure seems to be essential to improve firm productivity. Quality roads reduce trade and transport costs of firms. Thus, firms can minimize their inventory costs. Shirley and Winston (2004) show that firm inventory decreases with highway investment and increases with highway congestion in the United States. Limão and Venables (2001) show that international trade is increased by lowering transport costs, which depend on infrastructure (measured by the road density).
Because of these positive effects of transport infrastructure, firms are often concentrated along highways (e.g., Holl, 2004) .
Unreliable electricity supply is also a crucial constraint in Africa. The electrification rate is estimated at 30.5 percent in the region; 580 million of people still live without access to power.
1 Firms may have better access than households. However, the quality of the electricity supply remains poor. Many firms are experiencing frequent power outages, and therefore, firms are highly dependent on own generators, adding to more operating costs.
Back-up systems are generally costly. For example, the average cost of a back-up power system is three times higher than the cost of grid electricity in Nigeria (Adenikinju, 2003) .
The current paper aims at examining the impacts of improving the quality of public infrastructure services in five East African countries: Burundi, Kenya, Rwanda, Tanzania and Uganda, where the industrial sector, especially manufacturing, has been weak in recent years.
While the countries achieved relatively high GDP growth of 5-8 percent, the sectoral contribution of manufacturing was less than 0.5 percent of GDP (Figure 1 ). Burundi and Rwanda experienced negative growth in the manufacturing sector in recent years. By contrast, the service sector and the construction industry contributed significantly to economic growth in the region.
The paper recasts light on the impacts of the quantity and quality of infrastructure services on firm production. The data come from the 2005 Business Environment and Enterprise Performance Survey (BEEPS), which was conducted by the European Bank for
Reconstruction and Development and the World Bank. The remaining sections are organized as follows: Section II provides an overview of infrastructure qualities measured by the BEEPS database. Section III establishes our empirical model and Section IV describes the data. Section V presents our main estimation results and policy implications. Then Section VI concludes. 
II. AN OVERVIEW OF INFRASTRUCTURE SECTORS IN EAST AFRICA
Electricity continues to be one of the major development challenges in East Africa. In terms of access to electricity, the proportion of the population with access to electricity is between 9 and 16 percent. The vast majority of people are yet to receive electricity (Table 1) , with a significant disparity between urban and rural areas (see Figure 2 ). For instance, the 2010 DHS data for Rwanda show that about half the population had electricity in urban areas, but the electrification rate in rural areas is only 3.9 percent. Similarly, according to the 2008 DHS data for Kenya, the urban and rural electrification rates were 63 and 7 percent, respectively.
In East Africa, firms are concentrated in major urban areas, in which electricity access is relatively good. About 60 percent of Kenyan firms are located in Nairobi (Figure 3 ). In Tanzania, the geographic distribution looks less skewed, but the largest firm agglomeration lies in the Dar es Salaam Area, where about 25 percent of all firms are based. 2 Together with major cities, such as Arusha, Mbeya, Mwanza and Tabora, the urban milieu accounts for about 45 percent of total enterprises in Tanzania.
Notably, however, the quality of electricity supply is not necessarily reliable even in urban areas. According to the BEEPS data, electricity was among the most crucial concerns that many firms raised in the region (Figure 4) Tanzania, and 2006 for Uganda. Newer data in 2011 were available for Rwanda when this paper was prepared.
But the analysis does not use them to maintain consistency across the countries. According to these surveys, in Tanzania and Uganda, electricity was identified as the most crucial business constraint in 2006. In Rwanda, for which more recent data are available, the electricity problem seems to have been partially resolved but remains one of the major constraints.
Power outages are a chronic problem in the region. In 2007, Kenya, Tanzania and Burundi experienced outages for 53, 63 and 143 days, respectively (Eberhard et al., 2011) .
Transport infrastructure was also identified as a major constraint in the region. It is of particular concern to firms involved in international trade. While about 30 percent of the domestic firms were concerned about transportation, nearly 60 percent of the exporting and importing firms felt constrained by transport ( Figure 5 ). 3 Transport infrastructure is clearly a matter of concern for those who are engaged in trade and other international businesses.
Transport infrastructure to access a seaport is particularly crucial to landlocked countries, such as Burundi, Rwanda and Uganda. The nearest major seaport is 1,100 km away from Kampala, Uganda. Kigali and Bujumbura are 1,400 km away from the ports of Mombasa and Dar es Salaam, respectively. Even Nairobi is located 500 km distant from the port of Mombasa ( Figure 6 ). When vehicle operating costs, freight tariffs and waiting time costs at transport nodes, such borders and ports, are taken into account, the transport costs to the port are significant particularly in inland areas ( Figure 7 ). For instance, the transport cost from Nairobi to Mombasa is estimated at about $120 per ton. The costs from Kampala and Kigali are estimated at $160 and $190 per ton, respectively. The cost from Bujumbura to the port of Dar es Salaam is estimated at $197 per ton. 
III. EMPIRICAL MODEL
To assess the possible impacts of infrastructure investments on firm productivity, the following cost function is considered:
where W and Y represent input prices and output, respectively. Each firm is supposed to minimize the operating cost by selecting the levels of various inputs, including infrastructure services, such as electricity and transportation. It is also assumed that firms' productivity (or cost) is dependent on the quality of public infrastructure services, Z. This is probably an exogenous element that is presumably beyond the control of individual firms. Governments or infrastructure operators are responsible for it.
Following the traditional industrial organization literature (e.g., Nerlove, 1963; Christensen and Greene, 1976) , the translog cost function is considered: Output is measured by total sales in U.S. dollars. Ideally, this should be measured by some variable in real terms, but this is only the usable common proxy for output in our BEEPS data. 4 To control for sector heterogeneity, the empirical model incorporates the sector-specific dummy variables. The model is also estimated separately for each sector in order to allow the individual sectors to have different cost structures.
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Three infrastructure services are examined: electricity, water supply and transport. For power, the level of service quality is measured by the number of days with power outages per year (ZE). Similarly, the quality of water services is measured by the number of days without sufficient water (ZW). The quality of transport infrastructure service is difficult to measure, because it is affected by multiple factors with various transport modes involved. One of the good proxies that are available in the BEEPS data is firm inventory, i.e., the number of days measured by days of production or sales (ZT). In the conventional economic order quantity model, the optimal firm inventory increases with the cost of purchasing goods, including transport and handling costs. Our paper is supportive of this (see Iimi et al. (2014) ).
The cost function is estimated by two estimation techniques: seemingly unrelated regression (SUR) and stochastic-frontier analysis (SFA). To have a well-behaved cost function, the following symmetry and homogeneity restrictions are imposed:
These are primarily theoretical necessities. Particularly, homogeneity of degree one in the factor prices seems essential to avoid unusual estimation results, as discussed in the traditional industrial organization literature (e.g., Greene, 1997).
In addition, by Shephard's lemma, the following factor share equations can be derived from Equation (2):
where Si is the cost share of input i.
For the SUR model, the cost parameters are estimated in Equation (2) and six of the factor share equations (4). 6 An advantage of the SUR is higher efficiency in estimation without wasting the degree of freedom (Christensen and Greene, 1976) . A disadvantage may be that a strict cost minimization proposition must be imposed (Kwoka, 2002) . By construction, the SUR model assumes allocative and technical efficiencies; any deviation from the frontier is captured by statistical errors. Thus, it cannot control for technical inefficiency in an explicit manner (e.g., Berger and Mester, 1997) . This may raise concern in the present context, because many firms in Africa may not strictly follow the cost minimization proposition.
Certain hidden inefficiency is likely to be involved.
To incorporate such technical inefficiency, the stochastic-frontier model is also considered.
The SFA does not assume allocative and technical efficiency. Firm costs are allowed to deviate from the efficient frontier due to some unknown factors, i.e., X-inefficiency (e.g., Coelli, 1992; Berger and Mester, 1997) . In the SFA, the error term is composed of two parts: a non-negative technical inefficiency, u and an idiosyncratic error term, v:
where u ln is assumed to be independently and identically distributed (i.i.d.) according to a
One of the factor equations should be dropped to avoid the singularity problem.
Given the parameters estimated by either SUR or FSA, the price elasticity of factor demand can be calculated using the Allen's partial elasticities of substitution between inputs i and j (e.g., Uzawa, 1962; Berndt and Wood, 1975) :
Then, the implied own price elasticity of demand for factor i is written by:
The possible infrastructure impacts are examined in two ways: First, the output elasticity with respect to factor price i is calculated. This will show how much a firm could save because of infrastructure investments (and therefore, reductions in infrastructure costs):
Second, the marginal impact (elasticity) of improved infrastructure quality k Z on firm costs is calculated:
This will indicate what non-cost benefits firms could receive because of infrastructure investments. If the quality of infrastructure service is improved, firms can save various costs. observations, for which all relevant data are available. The distribution of the sample observations is shown in Table 2 . The sample includes more than 600 firms in Kenya, followed by Uganda and Tanzania. The service sector has the largest share in total. But a large number of agribusinesses are included in the data for Tanzania and Uganda. In theory, the sample distribution is supposed to reflect the distribution of the entire population in each country.
The summary statistics are shown in Table 3 . Firms look different in size as well as factor intensity. The operating cost ranges from US$100 to US$300 million with a mean of about US$1.2 million. The average annual wage is estimated at around US$2,000. In the sample, the labor cost accounts for 38 percent of total costs on average. The average energy cost share is about 5 percent. The transport cost accounts for 1.4 percent on average.
Regarding infrastructure quality, the number of days without sufficient electricity supply is eight days per year on average, but the service quality seems to vary significantly, depending on location. It ranges from zero to 100 days in the region. Firms do not have sufficient water services about one day a year. Firm inventory also varies significantly. Firms may keep minimum inventory (i.e., zero days) and may keep 730 days of inventory. 
V. MAIN ESTIMATION RESULTS
Both SUR and SFA were performed with all data pooled. 7 The two results are found to be broadly consistent with one another, though the former tends to provide smaller standard errors than the latter. Recall that the efficiency in estimation is expected to be high in the SUR model, because it is composed of multiple equations. The production factor own price elasticities are all found to be in a reasonable range of estimates, from 0.7 to 0.9 in absolute terms (Table 4) . 7 The full estimation results are presented in Annex Tables.
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The SUR results indicate the importance of labor market issues to increase firm production in the region. To examine how much production would be increased by a small reduction in production factor prices, such as wages, the output elasticities are calculated (Table 5) . Labor costs turned out to have the highest output elasticity among other production factors: The elasticity is 0.42-0.63 in absolute terms.
Among infrastructure costs, the output elasticity associated with electricity costs is found to be particularly high at 0.107 in the SUR model. This seems to be consistent with the general perspective of firm managers who identified electricity as one of the most crucial business constraint. However, the SFA results remain inconclusive. The elasticity with respect to transport costs is estimated at about 0.04, which means that a 10 percent reduction in transport costs would increase firm production (or more precisely, firm sales in our case) by 0.4 percent.
Although our infrastructure measurements are not perfect, our results indicate that the quality of infrastructure is important, particularly in the transport sector. The output elasticity with respect to transport infrastructure quality is estimated at 0.06-0.07 in absolute terms, which is statistically significant (Table 6 ). If transport infrastructure is improved (i.e., firm inventory is reduced) by 10 percent, firm sales would increase 0.6-0.7 percent. In practical terms, this means that an "average" firm could increase its profits by about US$10,000, holding everything else constant. 8 In the SFA, the elasticity of water quality is also found significant.
If the quality of water supply increases (i.e., the number of days that water supply is suspended declines), the firm output would increase.
Since different industries require different production inputs, the sample firms are divided into five groups: textile, agrobusiness (including food and wood products), energy-intensive manufacturing (such as chemical and metal), other manufacturing, and service, and the SUR and SFA are performed separately. The output elasticities are found to vary across the industries ( Figure 9 ). Labor costs are commonly found to be most important regardless of sector. Among other production factors, the results indicate that electricity costs are relatively important in the textile industry. Transport costs are found to be important for agrobusinesses and energy-intensive manufacturers. A few benefits may be expected from cost reductions in water and ICT. While not many firms heavily depend on water infrastructure, it is likely that ICT costs are already very competitive. Therefore, additional benefits are likely to be small. 
VI. DISCUSSION
One empirical advantage of using the stochastic frontier estimator is that potential technical (in) efficiency can be estimated:
. Based on the above pooled model, the average technical inefficiency is estimated at 0.015 percent of total actual costs (Table 7) . It may look small, but it is worth recalling that the model assumed a half normal distribution of the technical inefficiency. Thus, the predicted inefficiency is heavily skewed towards zero.
By country, firms in Burundi are found to be least efficient, followed by Rwanda. Technical inefficiency also depends on sector. In general the service sector looks less efficient. Textiles, a traditional light manufacturing sector in the region, also has relatively large inefficiency.
As expected, energy intensive industry, such as chemical and metal manufacturing, is found much more efficient regardless of country, because this sector is normally capital intensive and much modernized. Mare and Graham (2013) show that the average agglomeration elasticity in New Zealand is significant and estimated at 0.06.
To examine how economies of agglomeration affect firm costs in East Africa, an additional specification is examined with two types of agglomeration economies considered: localization economies and urbanization economies. While the former is measured by the total number of existing firms in the same industry at the same city (denoted by N1), the latter is measured by the number of firms in the same city (N2). The log of N1 and N2 and their squared terms are added to Equation (2). To avoid further complication related to endogeneity, the lagged values are used. Recall that our BEEPS data are for 2005 and 2006.
Unfortunately, historical business register data are not always available in the sample countries. The relevant data are available only for three cities in Tanzania (Dar es Salaam, Arusha and Mbeya) and Kampala, Uganda.
The results suggest that economies of agglomeration matter to firm production. Especially, economies of localization are statistically significant. The estimated cost elasticity is about -0.03 to -0.04 (Table 8) . Thus, if the number of total firms in the same industry at the same locality increases by 10 percent, the firm costs would decline by 0.3-0.4 percent. This can be considered as strong evidence showing why firms agglomerate in the same place, despite the expected intensification of local competition among themselves. Firms can share the same input market, such as skilled labor, and more business services would likely become available in the agglomerated area. As a result, firm operating costs decline and competitiveness increases. 
VII. CONCLUSION
Infrastructure is an important driving force for economic growth. It reduces trade and transaction costs and stimulates the productivity of the economy. Africa has been lagging behind in the global manufacturing market despite its strong growth in recent years, possibly boosted by high international commodity prices. Among others, absence of quality infrastructure is an important constraint in many African countries.
Using firm-level data for East Africa, the paper recast light on the relationship between firm performance and infrastructure. It is shown that labor costs are important to stimulate firm production. Among the infrastructure sectors, electricity costs are found to have the highest elasticity of firm output. Transport costs are also found to be important. In addition, firm production increases with the quality of transport infrastructure measured by firm inventory.
All the indications are that the provision of reliable infrastructure services at low costs is essential to improve firm competitiveness and increase firm production.
The paper also found that agglomeration economies are important to increase firm production. Unlike the traditional firm location literature, our evidence is direct to show that agglomeration can reduce firm production costs. The elasticity is estimated at 0.03-0.04 in absolute terms. 
